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Cardiac-Specific Helical Structure in Troponin I Imparts Unique,
Cardiac-Specific Contractile Function
Steven J. Ford, Ranganath Mamidi, Murali Chandra.
A coiled-coil between helical motifs of cardiac troponin I (cTnI) and cardiac
troponin T (termed cH2(I) and cH2(T), respectively) forms a centrally posi-
tioned interface within the core domain of cardiac troponin. The centralized
position and cardiac-specific structure of cH2(I) suggest an important,
cardiac-specific regulatory role for this region of troponin I. However,
whether the cardiac-specific structure of cH2(I) imparts unique, cardiac-
specific function to cardiac myofilaments is not currently known. To better
understand the functional significance of the structure of cH2(I), we studied
the effects of replacing native troponin in detergent-skinned rat cardiac mus-
cle fiber bundles with complexes containing chimeric cTnI in which cH2(I)
was replaced with the corresponding helix from rat slow skeletal (ssH2(I))
or fast skeletal (fsH2(I)) troponin I. Ca2þ- and length-mediated myofilament
force, ATPase activity, and length-dependent contractile dynamics were esti-
mated at different levels of activation in muscle fibers reconstituted with wild-
type or chimeric cTnI. Our preliminary work demonstrates that fiber bundles
containing chimeric cTnI produced the same maximal force and ATPase ac-
tivity, but exhibited significant differences in myofilament responsiveness to
Ca2þ and changes in muscle length, when compared to bundles reconstituted
with wild-type cTnI. Fiber bundles containing chimeric cTnI exhibited altered
cooperativity and sensitivity of force production to Ca2þ. For example, myo-
filament cooperativity was lower and the sarcomere length-dependent change
in myofilament Ca2þ sensitivity was less pronounced in fiber bundles recon-
stituted with ssH2(I) chimeric cTnI. Furthermore, length-dependent recruit-
ment dynamics and the nonlinear effect by which crossbridge distortion
influences crossbridge recruitment were both blunted in fiber bundles contain-
ing chimeric cTnI. These results indicate that replacing cH2(I) with either
ssH2(I) or fsH2(I) results in aberrant cardiac contractile function, and suggest
that the structure of cH2(I) is important to impart unique, cardiac-specific
function in cardiac myofilaments.
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Deletions in the N-Terminus of Troponin T Reveal a Region Important for
Ca2D- and Length-Dependent Cardiac Myofilament Activation
Ranganath Mamidi, Steven J. Ford, Murali Chandra.
Interactions between the N-terminus of cardiac troponin T (cT1), a region
rich in negatively charged amino acids, and the head-to-tail overlapping re-
gion of tropomyosin are responsible for localizing the troponin complex on
the thin filament. Thus, cT1 is uniquely positioned on the thin filament to
modulate cardiac contractile activity. Previous studies have demonstrated
that truncations of cT1 result in severe inhibition of Ca2þ-activated force de-
velopment and ATPase activity of cardiac myofilaments, indicating that cT1
is essential for cardiac myofilament activation. However, the specific region
of cT1 that plays an important role in cardiac contractile activation remains
unknown. To determine the specific region of cT1 that plays an important
role in cardiac contractile activation, we progressively deleted cT1 in rat
cardiac troponin T (RcTnT) to generate four deletion mutants, RcTnT
1-29 deletion, 1-43 deletion, 30-43 deletion, and 44-73 deletion. Cardiac
contractile activity and crossbridge recruitment dynamics were studied in
detergent-skinned rat cardiac papillary bundles reconstituted with either
wild-type (control) or the deletion proteins. Our preliminary studies show
that the Ca2þ-dependent force development, ATPase activity, myofilament
Ca2þ sensitivity, and rate of crossbridge recruitment were significantly de-
pressed in reconstituted fibers containing RcTnT 1-43 deletion. Fiber bun-
dles reconstituted with RcTnT 44-73 deletion exhibited an increase in
myofilament Ca2þ sensitivity. Another significant finding is that both RcTnT
1-43 and RcTnT 1-29 deletions resulted in an ablation of length-dependent
increase in myofilament Ca2þ sensitivity, an important component of the
Frank-Starling mechanism of healthy heart function. Thus, our data indicates
that the region of cT1 comprising 1-43 amino acids plays an important role
in Ca2þ- and length-dependent cardiac myofilament activation. Furthermore,
our findings suggest that other regions of cT1 have specific roles in mediat-
ing cardiac myofilament activation.
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Flexibility Change in Human Cardiac a-Tropomyosin E180G Mutant:
Possible Link to Cardiac Hypertrophy
Campion Loong, Huan-Xiang Zhou, P. Bryant Chase.
a-Tropomyosin (aTm) is the predominant tropomyosin isoform in adult human
heart and constitutes a major component in Ca2þ-regulated systolic contraction
of cardiac muscle. The familial hypertrophic cardiomyopathy (FHC)-relatedaTm E180G mutant is associated with decreased thermal stability and en-
hanced Ca2þ-sensitivity in functional assays. A mechanistic relationship be-
tween the E180G missense mutation and functional changes has not been
established. We present here the first direct probe images of WT human car-
diac and E180G mutant aTm by atomic force microscopy, and demonstrate
that the mutant is more flexible than WT. Single molecules of bacterially-
expressed human cardiac aTm were imaged on poly-lysine coated mica and
their contours were analyzed. Analysis of tangent correlation along molecular
contours yielded values of persistence length (Lp), which showed 27% increase
in flexibility of the E180G mutant. Increased flexibility of the mutant was con-
firmed by shorter mean end-to-end length and fitting end-to-end length distri-
butions to the worm-like chain model. Corresponding to increased flexibility, it
is expected that less mechanical moment, and hence a lesser extent of
Ca2þ-induced conformational change of troponin, are required to perturb
aTm to initiate thin filament activation during systole, thus explaining en-
hanced Ca2þ-sensitivity of function. Hypersensitivity to Ca2þ could overwork
cardiac muscle resulting in hypertrophy in FHC. Support: NIH and American
Heart Association.
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Atomic Model of F-Actin-Tropomyosin
Xiaochuan Edward Li, Larry S. Tobacman, Ji Young Mun, Roger Craig,
Stefan Fischer, William Lehman.
The presence of tropomyosin on the surface of actin filaments governs the ac-
cess and hence the interactions and activity of numerous actin-binding pro-
teins in muscle and non-muscle thin filaments. Electron microscopy and
fiber diffraction studies of native and reconstituted F-actin-tropomyosin fila-
ments reveal the azimuthal position of end-to-end linked tropomyosin mole-
cules on the surface of actin. However, the longitudinal z-position and
pseudo-rotation of tropomyosin along F-actin is still uncertain. Without this
information, atomic models of F-actin-tropomyosin, unconstrained by tropo-
nin in striated muscle or other actin-binding proteins in smooth muscle or so-
matic cells, cannot be formulated, and thus the optimal interfacial contacts
between actin and tropomyosin remain unknown. We have carried out a com-
putational search assessing electrostatic interactions for multiple azimuthal
locations, z-positions and pseudo-rotations of aa-tropomyosin on F-actin.
The information gleaned was used to localize tropomyosin on F-actin, yield-
ing an atomic model characterized by protein-protein contacts that primarily
involve clusters of basic amino acids on actin subdomains 1 and 3 juxtaposed
against acidic amino acids on successive quasi-repeating units of tropomyo-
sin. A virtually identical model generated by docking F-actin and tropomyo-
sin atomic structures into EM reconstructions of F-actin-tropomyosin
validated the above solution. Here, the z-position of tropomyosin alongside
F-actin was defined by matching the ‘‘broad’’ and ‘‘narrow’’ faces typifying
tropomyosin’s twisting superhelical coiled-coil to the twisting contours of the
tropomyosin densities seen in F-actin-tropomyosin reconstructions. Our com-
putational search indicates that, in the absence of troponin or other actin-
binding proteins, tropomyosin occupies an optimal z-position and rotation
in the surrounds of the closed C-state location on actin. However, no specific
electrostatic minima were noted when tropomyosin was shifted computation-
ally toward the open or blocked states on the troponin/myosin-free structure.
The functional implications of the F-actin-tropomyosin model that has been
determined will be discussed.
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Structural Simulations of Troponin-Regulated TropomyosinMovement on
F-Actin
Marek Orzechowski, Stefan Fischer, William Lehman.
Contraction of striated and cardiac muscles is regulated by a mechanism in-
volving two major components: tropomyosin and troponin. Tropomyosin
strands that run along the actin filaments block the myosin-binding sites in rest-
ing muscle. However, when concentration of Ca2þ ions is increased, the posi-
tion of tropomyosin on actin is shifted and the myosin-binding sites are
unblocked. This leads to myosin-crossbridge cycling on actin and, as a result,
muscle contraction. The unblocking of myosin-binding sites is triggered by tro-
ponin. Troponin itself is a complex of three proteins: Ca2þ-binding troponin-C,
inhibitory troponin-I and troponin-T, which links the complex to tropomyosin
on the actin filament. To investigate the thin filament regulatory process, we are
applying the Conjugate Peak Refinement (CPR) technique to determine ener-
getics of the transition of tropomyosin on actin from the closed to the open
state. CPR should also help to refine the precise position of tropomyosin in
the open state. Results from the CPR calculations are verified by comparison
with observations from EM experiments. In addition, corresponding structural
transitions associated with troponin are being addressed. In particular,
